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Abstract

The Electronics and Electrical Engineering Laboratory (EEEL) promotes U.S. economic growth by
providing measurement capability of high impact focused primarily on the critical needs of the U.S.
electronics and electrical industries, and their customers and suppliers. This measurement capability
promotes economic growth by improving the competitiveness of U.S. industries. Thiscapability ispart
of thenational infrastructurethat hel psattract and retain businessesand jobsin the United States. EEEL
focuses on measurement capability that U.S. industries need but cannot provide for themselves, for
technical, economic, or other reasons. The beneficiariesinclude U.S. industry, government, academic,
other organizations, and the general public.

The supported electronics and electrical industries are highly important to the U.S. economy. Inround
numbers, the electronics industry ships $500 billion of products each year. The electrical-equipment
industry ships the better part of $100 billion of products each year. The electric-power industry, a
service industry, relies on the electrical-equipment industry for power equipment and uses that
equipment to provide $200 billion of electricity eachyear. Thesethreeindustriesareenablingindustries
for theentireU.S. economy. Virtually all other manufacturing and serviceindustriesrely on thesethree
industries for equipment, power, information and control technology, and related services.

EEEL's measurement capability is an important part of the tools that manufacturers need to conduct
research and development toward new products, to manufacture those products, to market them
successfully, and to support them after sale. Successful marketplace exchangerequires proving product
performance to customers, and proving compliance with domestic and international requirements that
would otherwise bar market entry. EEEL's measurement capability is also important to the success of
materials, information-services, and energy providers. Examplesinclude the telecommunications and
electric-power providers, asthey seek to remain competitive while addressing new technical challenges
inherent in deregulation.

EEEL's strategic plan describes important measurement contributions to the supported industries and
the nation. The projects selected result from close interaction with industry and government to identify
the needs most important to economic growth and competitiveness.
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PREFACE

This Strategic Plan supports effective management of the Electronics and Electrical Engineering
Laboratory (EEEL). This laboratory is one of eight that provide measurement research and related
services at the National Institute of Standards and Technology (NIST). NIST itself isan agency within
the U.S. Department of Commerce.

Theformat chosen for the Strategic Plan isresponsive to the Government Performance and Results Act
of 1993 (GPRA). (Termswith specially defined meaningsin the GPRA, like Strategic Plan, have been
capitalized here.) This Strategic Plan also specifies Performance Goalsfor multipleyears. Asaresult,
this document supports the devel opment of both the Strategic Plan and the Annual Performance Plans
required of the Department of Commerce by the GPRA. The scope of EEEL's Performance Goalsis
considerable, so only a selection from the most important can appear here.

Theformat of thisplan wasderived from OMB Circular No. A-11, Part 2: Preparation and Submission
of Srategic Plansand Annual Performance Plans. Thetable below showshow the sectionsinthe OMB
circular relate to the sections of this plan. Elements (2) and (4) are addressed in asingle section of this
plan called "Goals and Objectives'. This approach relates Objectivesto Performance Goals by stating
each Performance Goal immediately after the Objective supported. The other four elementstrack one-
to-one with the sections of this plan.

Circular Section Content Circular Section Number EEEL Strategic Plan
(1) Mission Statement 210.6 Mission Statement
(2) Goalsand Objectives 210.7 Goals and Objectives
(3) how they will be achieved 210.8 Strategies
(4) relationship to Performance Goals 210.9 (Goals and Objectives)
in Annual Performance Plan
(5) key factors affecting achievement 210.10 Factors Affecting Achievement
(6) program evaluations used, and scheduled  210.11 Program Evaluations

The Goals expressed in this plan are generally within EEEL's span of influence. The Objectives are
generaly within EEEL 's span of control, as defined in the OMB Circular. Exceptions are noted where
they occur.

This plan has been written to address Evauation Factors 1 through 6 of the document "Interim
Evaluation of Draft Strategic Plans’. The Evaluation Factorstrack with elements(1) through (6) above,
respectively. Evaluation Factors 7 through 10 are addressed in plans at higher organizationa levels.
Thisapproach simplifiesthe use of thisdocument by the Department of Commercein responding to the
GPRA.

In EEEL 's other planning documents, EEEL 'swork isdivided into programsthat provide astructurefor
description. To track to these programs, each Objective in this plan ends with a three-letter code in
brackets, such as[SEM] for " Semiconductors'. Thiscodeidentifiesthe EEEL program conducting the
work. The program names are listed al phabetically below, along with the associated codes:

Electromagnetic Compatibility EMC

Electronic Data Exchange EDE
Low Frequency LFQ



Magnetics MAG

National Electrical Standards NES
Optoelectronics OPT
Power PWR
Radio Frequency RFQ
Semiconductors SEM
Superconductors SUP
Video VID

The scopeof thisplanincludesall work managed by EEEL , whether conducted within EEEL or in other
partsof NIST, and whether funded by (1) direct appropriationsto NIST, (2) other agencies, or (3) other
sources outside NIST. The above programs are conducted primarily within EEEL, drawing on skills
from the other NIST laboratories, as needed. In addition, EEEL manages two programs that are
conducted NIST wide. These programs are shown below, along with their associated codes:

Law Enforcement Standards LES
National Semiconductor Metrology Program NSM

Performing organizations that conduct the work of these two programs, and that are outside EEEL , are
referenced after each applicable Objective in this Strategic Plan.
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MISSION STATEMENT

The Electronics and Electrical Engineering Laboratory (EEEL) promotes U.S. economic growth by
providing measurement capability of high impact focused primarily on the critical needs of the U.S.
electronics and electrical industries, and their customers and suppliers.

U.S. economic growth requires international competitiveness, which requires new technology, which
in turn requires new measurement capability, which itself must be based on world-class scientific
research. Therefore, EEEL pursuesworld-class capability in measurementsto facilitate U.S. economic
growth. Thiscapability ispart of the national infrastructure that hel ps attract and retain businesses and
jobsin the United States. This capability isan essential tool that industry uses to develop and market
new products. EEEL focuses on measurement capability that U.S. industries need but cannot provide
for themselves for technical, economic, or other reasons. The needed capability reflects the rapidly

changing nature of electronic and electrical technologies that are both global and critical.

Provide Measurement Capability that U.S. Industries Cannot Provide

NIST provides only that measurement capability that U.S. industries cannot
provide for themselves. There are several circumstances under which
NIST’s assistance to industry is appropriate: (1) Special measurement
expertise is required (often multidisciplinary) that is not available in
industry; (2) industry cannot recover the costs of measurement devel opment
that is so fundamental and so broadly beneficial; (3) NIST's acknowledged
impartiality and measurement competence are required to gain acceptance
among manufacturers, suppliers, and customers in order to realize the
maximum benefits to the nation; or (4) NIST'simprimatur as the lead U.S.
agency for measurementsisrequired to gain international acceptance so that
U.S. products can be sold abroad.

Focus on Improving Competitiveness

EEEL strengthens the U.S. economy by strengthening the international
competitiveness of U.S. manufacturers. To be competitive, a manufacturer
must meet the challenges in Table 1. Success in addressing the first two
challenges is largely dependent on a manufacturer’s ability to realize
desirable product characteristics, especialy those in Table 2. Success in
addressing all four challenges in Table 1 requires meeting a number of
marketing requirements, especially thosein Table 3. This plan shows how
EEEL helps manufacturers addressthe challengesin Tables 1, 2, and 3 thus
improve their competitiveness.

Address Economically Significant Industries

EEEL assures high impact by addressing three economically significant
industries. The estimated annual shipments of theseindustriesfor 1999 are
shown in Table 4 to the nearest $100 billion. All told, industries with
shipments with approximately $800 billion per year are the direct
beneficiaries of EEEL’s work.

Table 1: Manufacturers'
Challenges

Research and Devel opment
Manufacturing
Marketplace Exchange
After-Sales Support

Table 2: Product
Characteristics for
Competitiveness

Performance

Quality and Reliability
Compatibility

Safety

Table 3: Marketing
Requirements for
Competitiveness

Access to market

Agreement with customer
on product characteristics

Attractive price

Timely delivery

Good after-sales support

Table 4: Shipments of
Customer Industries
(1999 estimates)

Industry Shipments
($billions)

Electronics 500
Electric Power 200
Electrical Equipment 100
800




Among U.S. manufacturing industries, the el ectronics industry isthe largest in shipments, followed by
the automotive and chemical industries. The electronicsindustry isalso the largest in employment, by
afactor of two, with 1.9 million employees.

The electric-power industry is composed of the providers of electricity, whether independent or owned
by investors, government, or cooperatives. The $200 billion shownin Table4 istheelectricity they sell
inayear.

The el ectrical-equipment industry makes equipment that provides el ectricity, through products such as
generators, transformers, and batteries. Thisindustry also makesequipment that convertselectricity into
other useful forms, through products such as motors, lighting, and heating elements.

The industriesin Table 4 are enabling industries. All other industries, government agencies, and the
public rely on these industries for power, equipment, information and control technology, and related
Services.

Further International Agreement on Measurements

EEEL supportsU.S. international trade by furthering international agreement on measurements. A key
means of doing this is comparing EEEL’s measurements with those of counterpart measurement
laboratories in other nations. International agreement is necessary to meet the requirements for U.S.
competitivenessembodiedin Table 3, especialy thefirst two: (1) International agreement enablesU.S.
manufacturers to gain access to foreign markets by proving compliance with the growing number of
international written standards that might otherwise bar product entry. (2) International agreement
enables U.S. manufacturersto reach agreement with their own suppliers and customers, both domestic
and international, on product characteristics, so that sales can be completed.

Focus on Highest Impact Needs for Measurement Capability

EEEL determines the highest impact measurement needs Table 5: Measurement Assessments
requiring EEEL 's assistance through workshops, surveys, gz

studies, and visits to companies. For example, as shown | Measurements for Competitiveness in Electronics
in Table 5, EEEL has developed and published Measuremer_lt Support for the U.S. _Electrlc-Power
measurement-needs assessments for two of the three Industry in the Era of Deregulation
industries through which EEEL stimul ates economic
growth: the electronics industry and the electric-
power industry.

Table 6: Industry Roadmaps and Sponsors

International Technology Roadmap for Semiconductors
Semiconductor Industry Association

EEEL's ability to anticipate industry's measurement | oOptoelectronic Technology Roadmap
needs beneflts gl‘eatly from roadmaps de\/el Oped by Optoelectronics Industry Development Association (OIDA)

. . . . National Electronics Manufacturing Technology
industry, including those in Table 6. The roadmaps Roadmaps

lay out industry's plans for remaining competitive in National Electronics Manufacturing Initative
future years. This information helps EEEL to | Storage Technology, Head Metrology Roadmaps

. National Storage Industry Consortium
understand how industry expects to evolve and, | oOptical Disk Storage Roadmap

therefore, what measurement capability industry will National Storage Indusiry Consortium and OIDA
. . . Electric-Power Roadmap
need, and when. EEEL assists industry in roadmap P ———

development by determining the measurement
implications for industry's planned route to remain competitive.



Assure Measurement Accuracy, Accessibility, and Applicability

EEEL pursues three important aims when developing measurement capability needed by the U.S.

economy. These aims are shown in Table 7 and are highlighted throughout this plan. First, EEEL

pursues measur ement accuracy; aboveall, the United Statesrelieson EEEL

to provide the foundation for accurate measurement of all electrical o ,
- e . Table 7: Aims for EEEL's

quantities. Second, EEEL pursuesmeasurement accessibility; thatis, EEEL | measurement Capability

translates its measurement capability into forms that are technically and

. . . Accuracy
economically accessible to producers and consumers. Without such Accessibility
tranglation, that capability could not be readily afforded or adopted. Applicability

Finally, EEEL pursues measurement applicability, which isthe transation
of EEEL’ smeasurement capability into forms applicable to specific needs.
For example, a measurement method for voltage applicable at 0.000001 volts to support the
semiconductor industry would not be applicable at 100,000 voltsto support the el ectric-power industry,
even though both measurements rely on the same measurement foundation maintained by EEEL.

GOALS AND OBJECTIVES (and responsive Performance Goals)
Goal 1: Strengthen Foundation for All Electrical Measurements

The foundation for all measurements is based on Measurement Reference Standards. They are
electronic systems, special devices, or special materials that NIST develops or measures. Each
M easurement Reference Standard providesahighlevel of accuracy for ameasured quantity fundamental
to the measurement foundation. The expertise of many NIST laboratoriesisnecessary to provideal of
the Measurement Reference Standards needed for the measurement foundation.

NIST must transfer accuracy from these M easurement Reference Standardsto millions of customersin
industry, government, universities, and other organizations. To do this efficiently, NIST employs
several approaches; but one is especially important for electrical quantities. calibration. NIST
calibrates a small number of high-performance measurement instruments provided by customer
organizations. Calibrationisdoneby comparing the measurement performanceof theinstrument agai nst
the Measurement Reference Standards. The instruments so calibrated are then used by customer
organizationsto calibrate other instruments, for themselves and others, and so on in an ever expanding
chain of calibrations. In thisway, NIST delivers accuracy to millions of users through commercial
channels and instrumentation.

NIST's Measurement Reference Standards must have high enough accuracy to support the most
demanding users, including those pursuing major innovations. Highaccuracy isbest achieved by basing
the Measurement Reference Standards on the fundamental physics of nature. Such abasisis believed
to be unchanging. Such a basis also furthers accessibility by enabling others to build similar
M easurement Reference Standards of comparabl e accuracy because the fundamental physics of nature
isaccessibleto all.

The quantities most important to the foundation for electrical measurementsare shownin Table8. The
first four quantities—time, length, mass, and current—are called base quantities. They are especially
important because measurements of all electrical quantities, aswell asmany other quantities, are based
on them. Measurements with improved accuracy or accessibility are particularly needed for the



quantitieschecked (v) inthetable. Each of these quantitiesisdiscussed below.
Then the route from the measurement foundation to competitiveness is
discussed.

Mass

Measurement of time and length have an advantage compared to mass. The
Measurement Reference Standards for time and length are based on the
fundamental physics of nature, so they are very accurate and accessible. For

Table 8:
Measurement
Foundation for
Electrical Quantities

Base Quantities
time
length

v/ mass
dc current

Electrical Quantities

example, time is based on counting a specified number of cycles of radiation de voltage
emitted by a cesium atom under special conditions. The cesium atom is | v acvoltage
accessible to everyone. The Measurement Reference Standard for time is | ¥ accurrent
maintained by NIST's Physics Laboratory. Time can be measured more Fr?]\g;ance
accurately than any other quantity. v/ capacitance
inductance
resistance

Unfortunately, the Measurement Reference Standard for mass is not yet based
on the fundamental physics of nature. Instead, mass is referenced to asingle
World Measurement Reference Standard, in theform of acylinder of platinum-iridium alloy kept at the
International Bureau of Weights and Measures (BIPM) in France. A copy iskept at NIST to serve as
theU.S. Measurement Reference Standard, anditsaccuracy isestablished by comparisonwith the BIPM
one. These cylinders are subject to change caused by factors such as the release of dissolved gases, or
the loss of material during handling. This weak member in the measurement foundation limits the
accuracy of measurements of mass, weight, electrical quantities, and other quantities, too. Thefirst step
toimproving the accuracy of mass measurementsisto determinehow much the M easurement Reference
Standard for massischanging intime. Objective 1.1 below addressesthisneed. It may later lead to an
electronic method for creating a new Measurement Reference Standard for mass that depends only on
the fundamental physics of nature and that is, therefore, much more accessible.

Objective1.1: Establish thelong-term accuracy of an electronic system for monitoring the driftinthe
kilogram. This system was successfully developed in FY 1998 and is based on the fundamental

phySi cs of nature. Performance Goal: Achieve long-termuncertainty of ten parts per billion in monitoring the kilogram
standard by FY2001. [NES

AC Voltage and Current

The next quantities checked in Table 8 are ac (time-varying) voltage and current. These ac quantities
areimportant because, without them, most services provided by electronic and el ectrical systemswould
not be possible, for example, digital computing, wireless communications, and electric-power
distribution. For many applications, improved accessibility or improved accuracy are needed for ac
guantities. In general, ac quantities are measured by comparison to dc (steady) quantities because dc
guantities can be measured very accurately. However, aloss of accuracy occurs in the comparison.
Further, the process used for the comparison is expensive. EEEL will pursue two routes to
improvement. Thefirst will provide aless expensive method for making the comparison, to improve
accessibility. It isdescribed in Objective 1.2.

Objective 1.2:  Improve accessibility to accurate measurements of ac voltage and ac current by

developing alower-cost integrated-circuit deviceto relate ac quantitiesto dc quantities. Performance
Goal: Complete and test a device, suitable for industry adoption, by FY 2000. [LFQ]



Industry will use these devicesto calibrate high-performance instruments. If the costs of these devices
can bereduced sufficiently, industry may be ableto build them into the high-performance measurement
instruments to assure continued accuracy with reduced need for costly calibrations.

The second route to improved measurement of ac quantitiesisanew method for generating ac voltages,
to improve accuracy. Itisdescribed in Objective 1.3. This approach may lead to anew Measurement
Reference Standard for ac voltage, based on the same superconducting effect used for the present
M easurement Reference Standard for dc voltage.

Objective 1.3: Improve the accuracy of ac voltage measurements by devel oping an ac-voltage source
based on the same fundamental physics of nature used to provide the Measurement Reference
Standard for dc voltage. Performance Goal: Demonstrate first operational source by FY 2001. [SUP]

Capacitance

The last quantity checked in Table 8 is capacitance. Itisimportant becauseit isone of three quantities
that can be used to impede, and thus control, the flow of electrical current. For example, capacitance,
when used with inductance, enablestuning tel evision transmittersand tel evision setsto specific channels
by impeding the signalsfrom all unwanted channels. The present M easurement Reference Standard for
capacitance is aready based on the fundamental physics of nature, but its use istoo laborious and thus
too costly. The new approach in Objective 1.4 promises to reduce the labor required from months to
weeks, for each use. It, too, is based on the fundamental physics of nature.

Objective 1.4: Improve accessibility of capacitance measurements by devel oping a new method for
measuring capacitance, using the approach of the present Measurement Reference Standard for dc
voltage, plus an electron-tunneling technique for determining electronic charge, both based on the

fundamental physics of nature. Performance Goal: Compare new capacitance measurement device with present
Measurement Reference Sandard, the calculable capacitor, by FY 2001. [NES]

Routes to Impacting Competitiveness

The improvements made to the measure-

ment foundation for electrical quantities, in
fulfillment of Goal 1, impact competitive-
ness through two principal routes.

The first route is through support of high-
performance measurement instruments, as
shown in Table 9. Such instruments
directly benefit research, development, and
manufacturing, especially process control.
These, in turn, impact the competitiveness
factorsidentified in Tables 1, 2, and 3.

Table 9: Mapping Measurement Foundation into
Competitiveness by a First Route

Improved Measurement Foundation
Calibration of instruments with i]igher performance at lower cost
Better measurement supportlfor R& D and manufacturing
Realization of better product perflormance and quality at lower cost
and better ability to prove product performance in the marketplace
Improved corlnpetitiveness

The second route from the measurement foundation to competitiveness is through development of
application-specific measurement capability. Such capability derives its accuracy from the
measurement foundation, but extends applicability to specific industry problems that cannot be
addressed with the measurement foundation alone. This extension is the subject of Goal 2, which is
focused on the electronicsindustry, and of Goal 3, whichisfocused on thetwo electrical industries. A



similar extension must also be made for non-electrical quantities, such as length, to support these
industries. Extending the measurement foundation greatly increases the impact of measurement
capability on competitiveness, and thus multiplies the benefits of the
investment made in strengthening the measurement foundation through | Table 10: Basic Product

pursuit of Goal 1. Services
Information Signals
Goal 2: Provide Measurement Capability Required for a GENEELD larews

control  optical switch
transfer antenna, optical fiber
convert sensor, detector
The products of the electronics and electrical industries provide avariety of store memory, disk drive
basic services shown in Table 10. The table includes examples of the | ProcesS  microprocessor
products associated with each basic service. The dlectronics industry is | A1 it dea
focused primarily on servicesrelated to information signals. Theseservices | PoWe' Z‘d Energy
arethesubject of Goal 2. Incontrast, thetwo electrical industriesarefocused | oonrol o wehomr
on services related to electric power and energy. These rather different |  transfer  wanstormer, wire

products and services are the subject of Goal 3. convert  motor, lighting
store battery

World-Class Electronics Industry

EEEL devel ops measurement capability that supports products
performing al of the information-signal services in Table 10,
including the products shown as examples. EEEL's develop- Table 11: Enabling Materials for
L ‘e L. Information-Signal Services
ment of application-specific measurement capability for these _
productsimpacts competitivenessthroughall of themechanisms _ semi opto mag
. . . K generate  laser diode v v v
inTables 1, 2, and 3. Needed measurement capability arisesin | control

optical switch v v v
all three families of electronic materials that are the most | transfer  anena opical fiber v
important enablers of the functionality of electronic products. | convert  sensor, detector ooV
These materials are shown in Table 11: semiconductor (semi), ;‘g:eis SIS RS ; Y
. . . microprocessor
optoelectronic (opto), and magnetic (mag). Thesematerialsare | gigiay giomsadapy v v

particularly critical to the services checked (v) in the table.

The product characteristicsin Table 2 are elaborated in Table 12 for reference in discussing the specific
EEEL Objectivesbelow. Theelectronicsindustry pursuesthe desirable product characteristicsin Table
12 through many means, especialy: (1) miniaturization, accomplished principally with integrated
circuits (int); (2) higher frequencies (hfq); and (3) digital techniques (dig). The checks(v) in Table 12
show how these means tie to the factors impacting

competitiveness. The three means are interdependent; , .

. . . . Table 12: Mapping Key Means Into
progressin onemay enableprogressin others. Thediscussion Sl ChE e s
below shows how EEEL's Objectives facilitate industry's Competitiveness
effortstorealizethedesirable product characteristicsin Table | Performance int hfq dig
12, and thus competitiveness. First, measurement needs for |  higher information capecity v v v
integration are addressed, since integration advances all | Migherinformationfidelity /v v
. . . . . higher information density v
information-signal servicesin Table 10. Then, measurement | pigher energy efficiency P
needs beyond integration are addressed for three information decreased szeand weight v v
services: display, store, and transfer. Quality/Reliability

fewer defects on delivery v
Integration fewer failures during use v
Compatibility
Integration is fundamental to competitiveness in electronic |  improved interfacing v v
products. NIST has launched an agency-wide effort to |  reduced electromagnetic 4
provide measurement capability to facilitate industry’s interference

6



success with integration. The resulting National Semiconductor Metrology Program focuses on
semiconductor products. Products based on semiconductor materialslead the way to the highest levels
of integration. Later, products based on other enabling materials will benefit. Some of the most

important challenges to improving integration are shown in Table 13.

Higher Fabrication Productivity

Integrated circuits are fabricated, many at atime, in arrays of rows and
columns across the surfaces of thin, very flat, round "wafers" of silicon.
Fabrication productivity can be increased by making individual
integrated circuits smaller, so that more of them can fit on each wafer.
This requires making all of the circuit elements smaller, including the
transistors, their internal insulating materials, and the "wiring"
interconnections. The resulting greater “device density”, which is
already doubling every two to three years, lowers costs and facilitates
improving most of the performance characteristics in Table 12.
However, achieving greater device density requires better application-

Table 13: Integration
Challenges

Higher Fabrication Productivity
smaller circuit e ements
bigger wafer sizes

Higher Fabrication Yield
purer input materials
better processes

Higher Frequencies
microwave circuits

optoel ectronic circuits

specific measurements. EEEL responds in Objectives 2.1 to 2.4.

Objective2.1: Develop improved measurements for making thinner insulating layersin transistorsin
integrated circuits, and for identifying better insul ating material's, with thicknesses down to at | east
2 nanometers. Performance Goal: Measurement methods published by FY 2001. [SEM]

Objective 2.2:  Support industry’s pursuit of new, thinner insulating materials for gate stacks by
developing a suite of dielectric evaluation techniques for characterizing electrical breakdown and
wear-out of those stacks. Performance goal: Evaluation techniques completed by FY 2003. [NSV]

Objective 2.3:  Support accuracy of industrial linewidth standards used for accurate calibration of

lithography toolsfor making element sizesdown to 100 nanometers. PerformanceGoal: Technical support
provided for industrial development, and method of “ tracing accuracy” to NIST placed in service, by FY 2001. [SEM]

Objective 2.4: Develop laser power and energy measurements to support ultraviolet |asers operating
at additional wavelengths in the 150-200 nanometer range, including 157 nanometers, to support

imaging even smaller elementsin optical lithography processes. Performance Goal: Calibration services
for wavelengths between 150 and 200 nanometers implemented by FY 2001. [OPT]

Fabrication productivity can aso be improved by increasing the size of the wafers, so that more
integrated circuits can be made on each wafer simultaneously. Larger wafer sizes require improved
measurements for flatness, since flatness must be maintained over alarger area.

Objective 2.5: Develop measurements for the flatness and thickness of wafers as large as 300

millimeters in diameter, with measurement uncertainties of only 2 nanometers. Performance Goal:
Measurement service available by FY 2000. [NSM: Conducted in NIST's Manufacturing Engineering Laboratory.]

Higher Fabrication Yield

Reducing fabrication costs requires high "yield", which means the percentage of working integrated
circuits resulting from fabrication. Fabrication processes are disturbed by even small levels of
contamination and even small departuresfrom desired chemical composition. In particular, surfaces of



integrated circuits must be inspected for contaminants and for desired constituents to support process
development and trouble shooting.

Objective2.6: Devel op ameasurement method for detecting the presenceand concentrationsof desired
and undesired atomic elements in integrated circuits with increased speed and accuracy, using a

superconducting x-ray detector. PerformanceGoal: Commercial licensing of technology by FY 2000. Within EEEL's
span of influence, but outside EEEL's span of control. [SUP]

Higher Frequencies

Semiconductor integrated circuitsmust operate at ever higher frequenciesto achievehigher information
capacity in computer circuits, to support expanding applications of wireless communications and local
radar, and to avoid congestion at lower frequencies. At these higher frequencies, extending into the
microwave region above 1 gigahertz, the elements of integrated circuits behave differently; new
measurement capability is needed to determine performance and to support product development.

Objective 2.7: Develop measurement methods for determining the microwave properties of thin

insulating films used withinindividual conducting lineson integrated-circuit substrates. Performance
Goal: Measurement method and accompanying software published by FY 2000. [RFQ]

Increasingly, optoel ectronic componentsare being fabricated asintegrated circuits, too. Optoelectronic
components offer special capabilities, such as the ability to emit light. Epitaxial deposition is an
important fabrication technique for making many of these components, such as the vertical-cavity
surface-emitting lasers (VCSELs) used as light sources for |ocal-area fiber-optic networks. However,
control of fabrication processes, especialy while they are occurring (real-time), is presenting major
measurement challenges.

Objective 2.8: Provide data and real-time measurement methods for controlling the thickness and

composition of layered structures during their growth by epitaxial deposition. Performance Goal:
Measurement methods for thickness and composition documented by FY 2000. [OPT]

Display

The use of flat-panel liquid-crystal displaysisessential for competitiveness in portable computers and
portablevideo productsand isbecoming increasingly important for competitivenessin desktop computer
monitors. The United Statesis not asignificant manufacturer of these displays; but U.S. manufacturers
need special measurements to specify, evaluate, and purchase the displays.

Objective 2.9: Provide measurement methods for display performance for use by U.S. industry when

specifying, evaluating, and purchasing flat-panel displays for computer and video products.
Performance Goal: Comprehensive flat-panel display measurement standard completed by industry by FY 2001. Within
EEEL's span of influence, but not within EEEL's span of control. [VID]

Store

Storage of information signalsisaccomplished by three principal methods: (1) semiconductor memory
intheform of semiconductor integrated circuits, supported by the measurement efforts described above
in the section on "Integration”; (2) optical disk drives; and (3) magnetic disk drives, discussed below.
All three methods employ digital techniques.



Pursuit of greater information capacity iscritical to competitivenessof magnetic disk drives. At present,
information density in magnetic disk drivesisincreasing at arate of 60 percent per year. To support
further advances, M easurement Reference Standards are needed for calibrating the special microscopes
that industry uses to develop products employing ever smaller magnetic patterns.

Objective 2.10: Support increased information density (bits per unit area) in magnetic disk drives by
developing a Magnetic Imaging Reference Sample (MIRS) containing magnetic patterns of
accurately known dimensions in the vicinity of 1 micrometer. Performance Goal: MIRS completed by
FY 2000. [MAG]

Also, for magnetic disk drives, higher information transfer rates, based on higher frequenciesfor reading
and writing, are also amajor factor in competitiveness. Especially needed are measurement methods
for determining the time required to magnetize (switch) the individual bits (1 or 0) of information.

Objective 2.11: Develop a measurement method for switching times in magnetic materials with
resolution of 0.1 nanosecond to support data rates of 1 gigabit per second or higher, versus the
present 100-200 megabits per second. Performance Goal: Measurement method published by FY 2000. [MAG]

Transfer

Optical-fiber communications systemsare critical to the national infrastructure and are dependent upon
continued advancesin measurement capability to support improvementsin performance, quality control,
and compatibility for components. Especially needed are Measurement Reference Standards for the
calibration of instruments that measure critical quantities.

Objective 2.12: Develop Measurement Reference Standards to support accurate measurement of
(1) wavelengths of light, with focus on the 1280-1560 nanometer range, to support wavelength-
division multiplexing for increased information capacity; and (2) propagation characteristicscritical

to specifying the information capacity of an optical fiber. Performance Goal: New Measurement Reference
Sandardsissued by FY 2000. [OPT]

The emergence of new microwave products, such as roadside communications, vehicle anti-collision
radar, and automatic traffic-light controls, motivate the use of higher frequenciesfrom 75 gigahertz to
100 gigahertz. These higher frequencies are less used than lower frequencies and offer special
properties such as controllable range to minimize interference with nearby systems. New measurement
capability is needed to support the development of the antennas required for the new applications.

Objective 2.13: Develop the facilities and methodology needed for near-field scanning antenna

measurements in the region 75-100 gigahertz. Performance Goal: Facility improvements and methodology
implemented by FY 2000. [RFQ]

The emergence of more electronic products emitting el ectromagnetic signals has increased the need to
assure that products with critical electronic components, such as motor vehicles, are not susceptible to
harmful interference. International standards for susceptibility testing are particularly needed.

Objective 2.14: Provide technical support in pursuit of U.S. and international acceptance of
reverberation-chamber measurements as a standard method for compliance testing for

electromagnetic susceptibility. Performance Goal: Domestic and international acceptance realized by FY 2000.
Within EEEL's span of influence, but outside EEEL's span of control. [EMC]



Goal 3: Provide Measurement Capability Required for World-Class Electrical
Industries

The measurement needs of the electrical-equipment
industry are driven by many of the same competitiveness
factors that apply to the electronics industry. The eff el equ env pq
electrical-equipment industry supplies equipment to the | 9enae  semeo = D
automotive industry, the appliance industry, and virtually | Mol rea. swtchger [e] [l O O
every other manufacturing industry. The electrical- | Tansfer  uensome: wire 1 O [ O
O oo
]

Table 14: Basic Power and Energy Services

equipment industry also providesequipment totheelectric- | conVvert  motorlighing o] T
power industry, which is a service industry that plays an | Sto® battery O
especialy critical role in the national infrastructure. The
driving forces influencing these two electrical industries are usefully considered together and as a
combination of competitiveness challenges and broader national challenges. Table 14 expands on the
lower half of Table 10 by showing the principal points of intersection between basic power and energy
servicesand national challenges. The challengesare energy efficiency (eff), thereliability and stability
of the national power system (rel), equity in revenue metering (equ), environmental quality (env), and
power quality (pg). The intersections of the challenges with the basic power and energy services are
indicated by the presence of abox (&), with or without adot (¢) init. EEEL has provided measurement
capability helpful in addressing many of these challenges. Each intersection in Table 14 that is the
subject of EEEL work described below is marked with a dot in the box ([e]). Deregulation is being
introduced to realize the benefits of domestic competition. It will give customersachoice of providers,
based on market factors, such as price and quality of service. Deregulation, and its implications for
needed measurement support, are examined in detail in EEEL's study of the electric-power industry,
listedin Table 5. In Objectives 3.1 through 3.3 below, EEEL isresponding by providing measurement
capability helpful in addressing (1) equity in revenue metering; (2) control of the power network to
assure reliability and stability; and (3) energy efficiency in use.

Equity

Under deregulation, electricity will be generated by more providers and will be delivered to users
through a shared transmission and distribution system, just as shared highways and railways enable
moving merchandise. Accurate revenue metering, at a greater number of sites, will be needed to track
ownership and to support equitable volume billing for electricity moving through the shared system.
Inresponse, industry has devel oped el ectronic watthour meterswith higher accuracy over wider ranges.
Calibrations from NIST are needed to validate accuracy and assure acceptance.

Objective3.1: Develop new capability to support the calibration of electronic watthour revenue meter
standardsthat provide high accuracy at fivetimesthe voltage and twenty timesthe current of earlier
designs. Performance Goal: Build and validate needed capability by FY 2000. [PWR]

Reliability and Stability

The national e ectric-power system will become more complex, and thus more challenging to control,
under deregulation. Particularly important are improved measurement sensors for providing the data
needed by control systems to assure the reliability and stability of the system. Optical sensors for
electrical quantities are especially promising. These sensorsresist interference, interface readily with
optical-fiber communications systems for transfer of data to control systems, and enable more
measurements at more locations throughout the el ectric-power system.
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Objective 3.2: Establish the feasibility of using optical sensors to achieve improved accuracy and
accessibility in a new Measurement Reference Standard for ac current, and in electrica

measurements made throughout the national el ectric-power system. Performance Goal: Develop and test
calibration procedure for optical current sensors by FY 2000. [PWR]

Efficiency

Power distribution transformers perform the last voltage reduction just beforethe delivery of electricity
to end users. High efficiency in these transformersis essential to the overall efficiency of the electric-
power system.

Objective 3.3: Validate, or improve as necessary, measurement methods and statistical sampling
protocols for determining the energy efficiency of power-system distribution transformers (35,000
volts and below). Performance Goal: Publication of method and protocol by FY 2002. [PWR]

Goal 4: Provide Technical Support to Law Enforcement

EEEL manages a special NIST-wide program, authorized by the Congress, that supports the criminal-
justice community. That community includes law enforcement, corrections, crime laboratories, fire
services, and the court system. This program exploits the measurement and standards capabilities of
NIST in diverse fields of science and technology to benefit this community in several ways. (1) to
reduce injury and loss of life in law enforcement encounters; (2) to improve the quality of justice and
security by increasing the reliability of techniques used for investigations and identification; and (3) to
hold down the costs of public safety. This program is funded entirely by other Federal agencies,
including the Departments of Justice and Transportation, and the Executive Office of the President.
Upcoming Objectives, focused on reduction of loss of life, are described below.

Objective 4.1:  Support reduction of loss of life by developing mathematical models, based on
laboratory and field investigations, that aid in estimating injury caused by less-than-lethal

technol ogies employing physical-impact weapons. Performance Goal: Completion of NIJ technical report on
use of the model to determine injury from blunt trauma by FY 2001. [LES: Conducted by U.S. Army and contractor.]

Objective 4.2:  Support reduction of loss of life and injuries in law-enforcement encounters by

developing a standard for stab- and puncture-resistant armor, and issue it as an NIJ standard.
(Performance goal: Implementation as an NIJ standard by FY 2001. Within sphere of influence but not control.) [LES]

STRATEGIES (how the Goals and Objectives will be achieved)
Resources (human, capital, and information)

EEEL's Goals are repeated in Table 15, along with the resources applied to each in FY 1999. If these
levels of resources can be continued to FY 2005 in constant dollars, they will support pursuit of EEEL's
goalsto the extent described below. Seventy-four percent of EEEL's funding comesto NIST by direct
appropriation. This funding supports work broadly beneficial to the national economy. The rest of
EEEL 'sfunding comes from "other agencies" and "other outside" organizations, as reimbursementsfor
measurement services they require.
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Goal 1: Thisis EEEL'sfirst priority, since strengthening the measurement foundation underpins al
progress in measurements. Resources are adequate for pursuit of core activity but are less than needed
for advances to support innovative new technologies developed by industry.

Goal 2: Thisis EEEL's second priority. EEEL can address selected measurement needs of the
electronics industry, including those in the Objectives. However, the broader needs are many times
greater, based on EEEL 'sstudy of theelectronicsindustry in Table5, whichintegrated information from
many key information resources, and on theroadmapsin Table 6, which arethemselveskey information
resources. Resources are less than needed. To make up the shortfall, EEEL will pursue budget
initiatives and support from other Federal agencies when possible. To maximize leverage, EEEL
focuses on electronic materials and components that are the basis for diverse electronic products.

Goal 3: Thisis EEEL's third priority. EEEL can address selected measurement needs of the two
electrical industries, including thosein the Objectives. Thebroader needsare many timesgreater, based
on EEEL's study of the electric-power industry in Table 5, which integrated many key information
resources. Resources are less than needed. To make up the shortfall, EEEL will pursue budget
initiatives and support from other Federal agencies when possible.

Goal 4: All funding is provided by other Federal agencies and is adequate to the tasks requested of
NIST.

Table 15: FY 1999 Resources Managed by EEEL
Funding ($millions) Staff
Other Other Full Time  Other
Funds Spent Inside EEEL Total NIST Agencies Outside Permanent Paid
Goal 1: Strengthen Foundation for All Electrical Measurements 11 7 3 1 58 8
Goal 2: Provide Measurement Capability Required for a 35 29 3 3 181 24
World-Class Electronics Industry
Goal 3: Provide Measurement Capability Required for 1 1 - - 11 1
World-Class Electrical Industries
Goal 4: Provide Technical Support to Law Enforcement 3 - 3 - ) -
50 37 9 4 260 33
Funds Spent Outside EEEL
Goal 2: Provide Measurement Capability Required for a 7 7
World-Class Electronics Industry
Goal 4: Provide Technical Support to Law Enforcement 2 - 2
All dollars rounded to nearest million.

Communication, Accountability, and Other Factors

Goals and Objectives are devel oped with the EEEL staff and managers, and are communi cated during
that process. This plan is published and posted on the Internet for other agencies, customer
organizations, and thegeneral public. EEEL managersand staff are held accountablethroughindividual
performance plans. EEEL programs, as presently designed, are suitable for achieving the Objectives
stated here. No legidlative changes are required to enable the achievement of those Objectives.
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FACTORS AFFECTING ACHIEVEMENT (external)

The most important challenge to EEEL is keeping pace with the growing number and complexity of
measurement needs, as electronic and electrical technologies advance rapidly on aglobal basis. One
form of EEEL’s response is to assist industry in developing roadmaps because they provide early
warning of impending measurement needs. The roadmaps are shown in Table 6.

NIST faces considerabletechnical complexity initswork because NIST does only what industry cannot
do for itself. EEEL responds by hiring able staff and by assisting NIST in planning the facilities
required to support world-class research. Implementation of the NIST’'s Advanced Measurements
Laboratory is the most important facilities improvement affecting the long-term health of EEEL’s
measurement program.

Theworld of written, or documentary, standardsischanging. Written standardsaregenerally devel oped
by theprivate sector. They addressproduct performance, quality, compatibility, and safety, among other
topics. When embodied asinternational standards, they affect market entry and U.S. competitiveness
for many products. EEEL joinstherest of NIST in examining industry arguments for a different, and
possibly increasedrole, for NIST inwritten standards, particul arly when effectiverepresentation of U.S.
interestsin international standardsbodiesisat stake. If thisdirection isdetermined to bein the national
interest, an increased, and competing, demand for NIST’ s resources will result.

PROGRAM EVALUATION

EEEL plansitsprogram primarily through prospective evaluation of needs. EEEL continuesto review
program relevance throughout its own research-and-devel opment stagesin order to guide the work to
a successful conclusion and to facilitate timely transfer to the user.

EEEL monitors its outputs: (1) reimbursed services such as calibrations services and sale of
M easurement Reference Standards for calibrating instruments; (2) joint activities, such as participation
in written-standards organi zations, professional societies, trade associations, and cooperative research,
used for discovery of needs and delivery of findings; and (3) communications, such as publications,
conference presentations, and consultations, used for delivery of findings and discovery of needs.

EEEL's output quality is assessed in published documents each year by an outside panel of impartial
experts from industry, government, and universities, convened by the National Research Council.

EEEL measuresoutcomesthrough economicimpact studies T SRS

which sample EEEL'swork. The studies are conducted by Completed and Underway
outside contractors funded by NIST. The studies| Tt S
completed (c) since 1991 are shownin Table 16, along with | 1991 electromagnetic compatibility c

those currently underway (u). The dates are the actual or | 1992 semiconductors (electromigration)
anticipated completion dates. The findings of these studies ggg Og\tli\l‘;?'af:]ze;zer

help guide planning by indicating what types of | jgod . ductorsgé e e
contributions have proved especially helpful to industry. | 2000 optoelectronics (laser calibrations)
Thestudiesal so provide ameasure of assurancethat EEEL'S | 2000 measurement foundation (voltage)
overall process for the selection and conduct of itswork is | Saus = compieed u=undeway

effective.
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